Two apparently unrelated features associated with heavy ion callisions have not received a satisfactory explanation as. yet: the internuclear thermalization of the dis·sipated energy on one hand, and the lack of drift towards symmetry for systems where such a drift is expected from potential energy considerations on the other. 1 We intend to show here that these two features can be related to one anothe~and that they can be explained simultaneously in the framework of a particle exchange mechani sm.
It is well established experimentally that the partition of the dissipated energy between the two fragments is approximately thermal (i.e. such that T 1 : T 2 ) in the Q-value range explored so far, namely from -50
MeV to full relaxation. 2 -6 Furthermore the processes which are most likely involved in the energy dissipation, namely particle exchange and coherent or incoherent particle-hole excitation deposit approximately the same amount of energy in each fragment, while thermal equilibrium re-. quires an energy partition proportional to the fragment masses. Thus for a rat~er asymmetric system a substantial lack of initial energy equilibration is expected. Yet, internuclear thermalization appears already at the smallest inelasticities, despite the very short interaction time associated with these collisions. Then, how can the expected low heat conductivity lead to such a quick thermalization?
Concerning the mass asymmetry, a somewhat opposite phenomenon is observed, namely a peculiar reluctance of the system to evolve in the direction of equilibrium when this implies moving towards symmetry. Rather, the masses seem to be more or less locked to their entrance channel values throughout most of the Q-value range spanned by the reaction.
Only for the greatest inelasticities, when the relative motion of the fragments has died out, does one observe the expected drift, if at all.
The question is of course 11 What 11 prevents the system from moving along with the driving force towards symmetry for such a long time.
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The obvious coupling, if any, between the two problems is the particle exchange, as it is naturally involved in the evolution of the fragment masses on one hand, and it is thought to be the major, if not the entire cause of energy dissipation on the other.? For simplicity, in our explanation we shall assume that: U particle exchange is the only means of energy transfer; 2) intranuclear equilibration is immediate. We shall also assume that the particle fluxes are.su6stantially temperat~re-depen dent. This is clearly the case when a sufficiently high barrier is present between the two potential wells. Such a regime in fact prevails
when the nuclear overlap is incomplete which is also when the energy is dissipated most rapidly.
As mentioned above, the particle transfer process deposits the same energy in both fragments since the two one-way fluxes are the same. If the sys tern is asymmetric, the smaller fragment must then grow hotter due to its smaller heat capacity. The temperature gradient that ensues ereates an imbalance in the particle fluxes, the large fragment receiving more particle than it gives away. The energy deposition on each fra~ment is proportional to the number of nucleons that land on it. Therefore more energy \>Jill now be deposited on the heavy fragment and this \vill tend to correct the temperature gradient. In other words we are observing a feedback effect that leads to a self-regulation in the energy partition. In different words, the initially generated thermal imbalance redirects the energy deposition towards the larger. fragment and controls the thermal gracient, but at the expense of the light fragment mass! This explanation is particularly satisfactory because: a) the energy thermalization does not arise from the heat conductivity which is quite small, but from the fast redirection of the energy being dissipated; b) it creates a drive towards increasing asymmetry that may resist an opposite conservative force; c) these effects rely on the presence of energy in the relative motion and disappear rapidly after the two fragments are at rest.
We can translate these ide~s in quantitative terms. For the sake of simplicity let us consider two objects moving tangentially to one another (i.e. ~here is no radial component of the velocity during the in~eraction).
A window is open between them \'ihich allows for a particle flow between . the two objects. Let <P(T) be the one-way particle flux and <PE(T) be the energy flux exclusive of the relative motion which is treated separately.
Also let the temperature-energy relation beE= Nf(T).
Particle conservation gives the first equation
From momentum conservation we have:
Finally:
From energy conservation we have
In order to obtain an equation for the temperature we can use
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where c is the heat capacity.
v .
Solving for dT/dt we have
The last two equations show the feedback quite clearly. If for instance T 1 > T 2 , the last term of eq. (5) will increase the value of dT 2 /dt until there is a nonzero relative velocity.
In order to perform some relevant calculation, let us apply this model to.two Fermi gases separated by a barrier. The one-way partic]e flux is given by:
The corresponding energy flux, exclusive of the damped energy, is given In Fig. 2 the effect of a progressively greater driving force towards symmetry is studied. The curves shown represent the light fragment mass as a function of kinetic energy for the following driving forces: 0, 0.5, 1.0, 1.5, 2.0 MeV/A, the lower Fermi surface being 0.5 :~eV above the barrier. For nonzero driving forces we observe an initial tendency of the system to move towards symmetry. This tendency is readily controlled and even inverted by the feedback process as soon as a temperature gradient is established. Only very late in the collision, Hhen lack of energy in the relative motion prevents the feedback proces.s from operating, can the system follow the driving force towards symmetry once again. As a \AJhole, we see that the mass asymmetry can be readily s,tabilized near its initial value throughout the Q-value range, in agreement with experiment. The wiggly curve predicted by the theory su'ggests that a similar structure may be seen experimentally. In the inset of Fig. 2 The theories available so far do assume both intra-and internuclear thermalization. We have been able to show that by removing the internuclear thermalization assumption it is possible to explain simultaneously both the near isothermicity of the fragments and the lack of mass drift towards symmetry.
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